If skilled histopathologists disagree over the same biopsy specimen, at least one must have an incorrect interpretation.
Abstract
If skilled histopathologists disagree over the same biopsy specimen, at least one must have an incorrect interpretation. Thus, disagreement is associated with, although not the cause of, diagnostic error. The present study aimed to determine the magnitude of variation among 10 observers with a special interest in gastrointestinal histopathology. They independently interpreted the same biopsy specimens for morphological features which may discriminate between patients with Crohn's disease and ulcerative colitis and normal subjects. Thirty of 41 features had agreement measures significantly better than expected by chance (p<005). The range of agreement in the 45 observer pairs over the final diagnosis was 65-76%. There was good agreement in discriminating between normal slides and those showing confirmed inflammatory bowel disease. For normal slides, however, the term nonspecific inflammation was often applied and without any consistency. In addition, true Crohn's disease slides were often and consistently thought to be ulcerative colitis. Having identified 11 important discriminatory morphological features, two multiple regression analyses were then carried out to produce a scoring system for inflammatory bowel disease. These results suggest there is considerable room for improvement in the reliability of colonic biopsy specimen interpretation and that this could probably be achieved using more exact definitions of morphological features and diseases. (Gut 1994; 35: [961] [962] [963] [964] [965] [966] [967] [968] Clinicians are using colonoscopic mucosal biopsy specimens more frequently to identify patients suspected of having inflammatory bowel disease, to determine disease extent and severity, and to differentiate ulcerative colitis from Crohn's disease.1 2 Histological detection and classification of non-infective chronic inflammatory bowel disease depend on accurate interpretation of carefully prepared biopsy material,3 but skilled histopathologists obtaining information from the same biopsy tissue may disagree about the findings.4 5 Giard et al 5 found poor reproducibility of morphological features and final diagnoses in normal subjects and those with inflammatory bowel disease. Cook and Dixon4 assessed observer variation in the examination of macroscopic and biopsy material taken from patients with inflammatory bowel disease. They reported the percentage agreement, but did not take into account the proportion of observed agreement due to chance alone. Surawicz and Belic6 and Allison et al 7 considered the value of features in discriminating acute self limited colitis from idiopathic inflammatory bowel disease, and reported both definitions and simple percentage agreement on selected features.
We believe that histopathology provides an important contribution to the diagnosis of inflammatory bowel disease. The aim of the present study therefore was to determine the reliability of the information obtained from colorectal mucosal biopsy specimens by assessing the magnitude of variation among 10 histopathologists with a special interest in gastrointestinal histopathology who independently interpreted the same 76 biopsy specimens. We set out to determine the observer variation associated with the morphological features and the final diagnoses. A scoring system was then developed for identifying patients with inflammatory bowel disease. In addition, at a video recorded meeting we evaluated the question of what leads to disagreement over important discriminatory features which were subsequently redefined.
Methods
Seven consultant histopathologists and three trainees, all with a special interest in gastrointestinal histopathology, were asked to review and independently code the same 76 biopsy specimens. Thirty four specimens came from patients with ulcerative colitis, 24 from patients with Crohn's disease, and 18 from normal subjects. Many of these apparently normal subjects were eventually classified as having the irritable bowel syndrome or other functional bowel disorder. In each instance the final diagnosis had been established by prolonged clinical follow up, radiological and morphological assessments, and, where appropriate, laparotomy or autopsy findings. Two slides taken from different levels of the biopsy material were provided for all the 76 patients. All of the slides were stained with haematoxylin and eosin. The biopsy specimens taken by sigmoidoscopy or colonoscopy were from patients who had been referred to the Westminster Hospital, London, for further evaluation of symptoms suggestive of inflammatory bowel disease.
Variation between the pathologists was Theodossi, Spiegelhalter, _tass, Firth, Dixon, Leader, Levison, Lindley, Filipe, Ptice, Shepherd, Thomas, Thompson examined by providing a form on which they recorded their coding of morphological features, as well as their histopathology diagnoses. The coding form comprised 39 different histological features. By design, no attempt was made to provide a strict definition for each of the features which were all ones in regular use. Each pathologist was asked to classify each feature into one of four possible grades: 'absent', 'indefinite', 'little', or 'marked'. Each of the four histological categories of ulcerative colitis, Crohn's disease, normal, and mild non-specific inflammation had to be graded as 'unlikely', 'possibly', or 'likely' to be present.
After the data had been analysed, the important findings were discussed at a meeting in the presence of all 10 histopathologists. At the beginning of the meeting, the histopathologists independently re-examined two of the biopsy specimens. The slides associated with the highest observer variation were then jointly reviewed in order to determine the source of disagreement. The meeting was recorded on a video tape, from which data were subsequently analysed and summarised (see results). In order to improve agreement on 10 important morphological features, three observers JRJ, NAS, DAL) redefined the features using six slides, three showing high and three low agreements for each feature. At a second meeting, the 10 new definitions, together with the appropriate slides, were reviewed and criticised by the other authors, to improve the definitions further (see Appendix). At this meeting, it was decided that two groups of features, which had been individually graded on the form, would best be defined as composite features. Thus, the results contain a feature 'crypt architectural abnormality', which is calculated as the most severe grade recorded for any one of 'crypt branching', 'crypt distortion', and 'crypt atrophy'. A second composite feature, 'neutrophil infiltration', is the most severe grade given to 'neutrophilic infiltration of crypt epithelium' and 'neutrophils in lamina propria'.
STATISTICAL METHODS
An overall proportion of agreement was calculated, and then corrected for chance agreement. This kappa coefficient8 is provided together with its level of statistical significance in relation to a null value of 0 -just chance agreement. We also reclassified each feature into 'present' ('little' or 'marked') or 'absent' ('absent' or 'indefinite'), and provided proportions of agreement on this scale. These calculations were repeated for the opinion concerning disease.
To determine the value of each feature in discriminating between normal subjects and those with inflammatory bowel disease, and between Crohn's and ulcerative colitis, we began by calculating the frequency of each feature graded 'little' or 'marked' for colitis, Crohn's, and normal subjects. We then calculated the rank correlations between the observers' reported grades of features and the true presence or absence of inflammatory bowel disease. We then repeated the analysis using only the slides of Crohn's and ulcerative colitis tissue and calculated rank correlations for the true presence/absence of ulcerative colitis and Crohn's.
Eleven important discriminatory features were identified, based on their respective frequencies in the three classes of subjects and the extent of agreement between the observers on the reporting of the features. These were then reduced to 10 after carrying out two multiple regression analyses which provided scores firstly, for differentiating 'normals' from patients with inflammatory bowel disease and secondly, for distinguishing Crohn's from ulcerative colitis in patients with confirmed inflammatory bowel disease. Figure 1 Entries in the tables show the number of observers grading each combination of opinion about 'Crohn's' and a selected feature for each slide, eg, two observers thought 'mucin depletion' was 'marked', and also stated an opinion that Crohn's disease was 'unlikely' to be the true diagnosis. The observed relationship suggests that improvement in agreement on these and other features may improve diagnostic agreement.
Results
inflammatory bowel disease are indicated by asterisks. There is a strong relationship between good agreement and discriminatory power -no feature ranking below 23 in agreement is in the top 10 for discrimination. The most useful features for distinguishing inflammatory bowel disease from normal were thus neutrophils (#1, #5, and their composite #2), crypt architectural abnormality (#6, #16, and the composite measure #9), mucin depletion (# 10), eosinophils (#13), diffuse pattern of inflammation (#18), and crypt dilatation (#22).
We now consider features that are useful for distinguishing Crohn's from ulcerative colitis, and hence the final column of Table I diagnoses, we consider two slides (#11 and #56) which were actually of Crohn's disease but which gave rise to substantial dispute. Table II shows the relationship between opinion concerning 'Crohn's disease' and the opinion given to two selected features. The clear relationship, while not proving that viewing a particular feature causes the claimed diagnosis to be made, strongly supports the idea that reduced disagreement on specific influential features could give rise to better agreement on claimed diagnosis, with accompanying increase in accuracy. The scoring systems based on all 76 biopsy specimens and derived from the discriminant analyses are shown in Table III . Thus, a biopsy in which an observer reported diffuse inflammation, eosinophils, crypt architectural abnormalities, and Paneth cell metaplasia would receive an inflammatory bowel disease/normal score of 6 and a ulcerative colitis/Crohn's disease score of 4. In Table IV , the two scoring systems are seen together forming a 'strategy' in which the inflammatory bowel disease/normal and ulcerative colitis/Crohn's scores classify each slide into one of the cells. Table V shows the consequences had that strategy been used by the observers in reviewing the slides. We can now compare the accuracy of the observers' original diagnosis shown in Figure 1 with that of the scoring system strategy. For normal slides the scoring system makes more positive diagnosis of 'normal' (66% v 52%) for a similar number of confident, but wrong, diagnoses of inflammatory bowel diseases (9% v 7%). For Crohn's disease, the scoring method makes fewer correct positive diagnoses (28% v 37%), makes the same number of false negative diagnoses of 'normal' (10% v 8%), but makes substantially fewer false confident diagnoses of 'ulcerative colitis' (11% v 41%), tending to be more cautious and classifying these slides as indeterminate 'inflammatory bowel disease'. For ulcerative colitis slides, the scoring system is definitely more diffident in asserting 'ulcerative colitis' (37% v 71%), makes similar false negative 'normal' diagnoses (3% v 4%), but makes substantially fewer false diagnoses of 'Crohn's' (6% v 10%).
Altogether 363 (52%) of slides would have been given a confident diagnoses, with 81% accuracy, while a further 213 (31%) would have been classified as indeterminate inflammatory bowel disease, with 99% accuracy. histopathologists can accurately discriminate between biopsy specimens from normal subjects and those from inflammatory bowel disease, but the differentiation of Crohn's from ulcerative colitis is less reliable. In addition, patients with functional diarrhoea (our 'normal' group) were often found to show features of non-specific inflammation. Giard et al 5 also found better agreement on ulcerative colitis than Crohn's disease and that agreement was poor for normal mucosa. Myren" noted that pathologists had difficulty distinguishing ulcerative colitis from non-specific inflammation and normal biopsy tissues from those with non-specific inflammation. However, 'ordinary non-specific acute and chronic inflammation is the major form taken by colitis'. ' Since crypt distortion (4%), crypt branching (5%), crypt atrophy (5%), and crypt architectural changes (11%) were seen in our normal group, we agree that minor degrees of fibrosis and crypt distortion probably do occur in the healing phase of acute self limited colitis. 12 It is likely therefore that minor inflammatory changes, together with minor crypt changes, are found in patients who after prolonged clinical follow up do not have inflammatory bowel disease. Clearly, patients with these minor morphological changes will need careful follow up with repeat biopsies.
The lamina propria in a normal colonoscopic biopsy specimen contains the occasional eosinophil. 3 20 21 23 Others have suggested that mucosal eosinophilia is a marker of the severity3 12 23 or chronicity2 4 of ulcerative colitis, but we have found that mucosal eosinophilia is useful in that it distinguishes normal subjects from those with inflammatory bowel disease and its presence favours the diagnosis of ulcerative colitis. 25 Lymphoid aggregates have been found to be good discriminators in idiopathic inflammatory bowel disease.6 7 19 On average one lympho-glandular complex occurs approximately every 2 cm in normal subjects, and one every 07 cm in patients with colitis. 26 We found lymphoid follicles in similar frequency in Crohn's colitis, ulcerative colitis, and normal subjects. Clearly the value of lymphoid tissue is controversial and we recommend lymphoid aggregates should not be used as a major discriminator for idiopathic inflammatory bowel disease.
Features such as granulomas and focal inflammation can be regarded as helpful positive discriminators of Crohn's disease. Our study suggests the finding of chronic inflammation in the absence of a villous mucosal configuration, crypt branching, Paneth cell metaplasia, and crypt atrophy are strong pointers to possible Crohn's disease, and thus the latter features can be described as important negative features which tend to favour Crohn's. 
Eosinophils
These are present in small numbers in the normal lamina propria. There is no definition of the baseline of normality, but the subjective impression of increased eosinophilia was reasonably consistent between observers. Such factors as thickness of sections, staining and degree of accompanying inflammation, will influence subjective impression.
Focal inflammation has been re-named as discontinuous inflammation (Fig 4) This is defined as the presence of oedematous or normal mucosa, as defined by the presence of a normal architecture and the absence of inflammation, together with the presence of active inflammation in another part of the same biopsy. Scattered lymphoid aggregates do not constitute reliable evidence of active inflammation. Demonstration of skip areas within a colonoscopic series would be indicative of discontinuous inflammation.
Epitheloid granuloma (see Fig 5) An aggregate of epitheloid histiocytes with or without multi-nuclear giant cells. Caution should be exercised when not well circumscribed, when related to crypt rupture, when small and superficial, and when related to foreign material.
Mucin depletion (see Fig 6) Impression of unequivocal reduction of goblet cells within crypt epithelium.
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